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IT’S A TRIUMPH OF MODERN TECHNOLOGY 
PEOPLE CAN NOW USE THE MACHINES AROUND THEM 
VITHOUT ANY IDEA OF WHAT’S GOING ON INSIDE. 
UNTIL 100 YEARS AGO ANYBODY WHO HAD A 
MACHINE NEEDED To KNOW EXACTLY HOW IT WORKED 
IN ORDER To USE IT AND KEEP 17 GOING. 
HOWEVER, THIS MODERN IGNORANCE DOES TEND TO 
LEAVE SLIGHTLY RESENTFUL FEELINGS OF ccING 
“OUT OF CONTROL’ AND ‘ENSLAVED’ @Y THE 
MACHINES. ALSO IT’S SAD THAT VE HAVE BECONE 
$0 OUT OF TOUCH WITH OUR TECHNOLOGY, SIMPLY 


BECAUSE IT 1S ALL SO VONDERFULLY INGENIOUS, . 


THAT’S WHY THIS SECOND SERIES 1S TRYING TO 
RROUSE CURIOSITY ABOUT AND TO DEMYSTIFY SOME 
NORE COMMON MACHINES. 

THE FIRST MACHINE IN THIS SERIES, THE 
CAR AND ITS ENGINE, IS $O CENTRAL TO OUR 
MODERN WAY OF LIFE THAT THERE 15 A BIT LESS 
IGNORANCE ABOUT ITS WORKINGS THAN MOST 
NACHINES, RHE TWo PROGRAMMES CONCENTRATE ON 
TWO ASPECTS OF THE CAR’S TECHNOLOGYS THE 
BODYSHELL, WHICH IS RESPONSIBLE FOR ITS 
SHAPE, STRENGTH, SAFETY AND OBSOLESCENCE; 
AND THE JDEA OF INTERNAL COMBUSTION, UHICH 
1, RESPONSIBLE FOR THE ENGINE’S ENORMOUS 
POWER AND COMPACT SIZE, AND ALSO FOR ITS 
DISGUSTING EXHAUST, 


WHE OnHER EOUR] WAGHINES, WHE QUARTZ 
WATCH, TELEPHONE, RADIO AND) VIDEORECORDER 
ARE HEAVILY DERENDENT ON! ELE ETRONICS, THE 
MOST INSGRIGABEE OF ALE MODERN! TEGHNOLOGIES. 
HOWEVER ALU THE MAGHINES HAVE THEIR ORIGINS 
IN THE LAST CENTURY, LONE BEFORE THE AGE OF 

"= PRINCIPLES BEHIND THEIR 
WORICINGS ARETRUE ELEGANTEY, SIMPLE. THE 

LROES PROVOMGRES AK EXPERIMENTS 
OFTEN SHOW THE PRINCIPLES OF THEIR MODERN 
COUNTERPARTS EXTREMELY CLEARLY, EVEN IF 
MAKING RECORDING TAPE OvT OF RUST AND A 
RADIO RECEIVER OUT OF A Sp PIECE DOESN'T 
FULLY EXPLAIN HOW VIDEQORECORDERS AND FM. 
RADIOS WORK, IT DOES HELP To MAKE THEM LESS 
INTIMIDATING, 

THE BOOKLET ATTEMPTS TO RECAP some OF 
THESE DEMONSTRATIONS BUT THEY ARE DIFFICULT 
TO EXPLAIN WITH JUST WORDS AND DIAGRAMS SO 
SOME PARTS ARE A BIT HARD To UNDERSTAND 
WITHOUT HAVING SEEN THE RELEVANT PROGRAMME, 
TO AVOID A COMPLETE BAFFLEMENT, I HAVEN'T 
ATTEMPTED To RECAP EVERYTHING AND I’vE ALSO 
INCLUDED A SELECTION OF ODD FACTS ABOUT THE 
MACHINES, PARTICULARLY ONES THAT GOT LEFT 
OUT OF THE FINAL PROGRAMMES, 


Ney 
TIM HANKIN ‘ 


HED : 


HORSELESS CARRIAGE 


CARS STARTED TO BECOME POPULAR IN THE CARRIAG 
19905. THEIR SUCCESS WAS PARTLY DUE TO THE BRA og 
BICYCLE HICH HAD GIVEN PEOPLE A TASTE FOR] lat 


A PERSONAL MEANS OF TRANSPORT. IT WAS ALSO 

DUE TO DAIMLER'S HIGH SPEED ENGINE , THE FIRST] 
25 INTERNAL COMBUSTION 

ENGINE TO BE SMALL 
ENQUGH NOT TO 
MAKE A VEHICLE 1 ae 

RIDICULOUSLY | | ape aes 

cumeekson J 


REGISTRATION NUMBERS 
REGISTRATION NUMBERS WERE | 
NNTRODUCED IN 1903, THE . 
IMOTORING GENTRY GREATLY ff 
OAJECTED TO BEING *NUMRERED ff 
LIKE CONVICTS, SOTO SOFTEN Jf 
THE BLOW, THE SPEED LIMIT ff 
IWAS REISED FROM 12 TO 20nePH. ff 


THE FIRST CARS WERE CONSTRUCTED 
Just LIKE HORSE-DRAUN CARRIAGES. 


RODYSHELLS £3 
TODAY ALL MASS- / Se JHE IDEA OF MARKING ff 
5 A CAR FROM THIN STEEL 
/ PRESSINGS CAME FROM | 
AN AMERICAN INVENTOR 
CALLED EDWARD BUDD, |} 
WHO PATENTED IT IN 
1914, oT WAS A GRAVE 
IDEA, BECAUSE ONLY ff 
TINY PARTS OF DOOR | 
LOCKS & HANDLES HAD 
PREVIOUSLY BEEN MADE |} 
Lice THIS, 


PRODUCED CARS ARE / 
BUILT ROUND A 
STEEL RODYSHELLI 
THE STEEL Is ony | 
ABOUT Tren THICK & 
CAN EVEN BE CUT 
WITH KITCHEN 
SCISSORS. BIKE AN 
EGGSHELL , 17S 
STRENGTH COMES 
FROM ITS SHAPE. 


PRESSING 
&\WELDING 


THE STEEL IS PRESSED . 
INTO CURVED ROUNDED 
SHAPES BY HUGE SOO Tor | 
PRESSES. THE PRESSINGS 


RODY PANELS FoR ALL THE MAJOR US CAR 
MAKERS & HAD SET UP A PLANTIN BRITAIN 
NFOR MORRIS (HICH STILL OPERATES TODAY). 


LUXURY 


EXPENSIVE CARS ARE 


ARE THEN SPOT WELDED | 


TOGETHER You CAN see 
THE SPOTS’ ALONG THE 

SEAMS OF ANY MODERN CAR 
UNDER THE BONNET. 


BUDD S PRESSED STEEL RODIES 


THE CITROEN TRACTION | 
AVANTE OF 1934 VAS THE | 
FIRST CAR TO BE BUILT VITHH 
A STRUCTURAL STEEL 
BODYSHELL & NO CHASSIS, 
IT WAS ALSO THE FIRST To 
HAVE FRONT WHEEL DRIVE 


__} & INDEPENDENT SUSPENSION 


MADE OF NO THICKER 
STEEL THAN CHEAP 
ONES, ALYHOUGH THE 
SHELLS TEND To HAVE 
MORE STIFFENING BITS 
WELDED vhs WHICH 
MAKES TR 
eae oe Ore [THAT THE TRADITIONAL HEAVY 
1 HASSIS Would BE 
=PiEAST CS. |UNNECESSARY, THIS IDEA UAS 
SOME EXTERIOR CAR PANELS | SLOW To CATCH ON, BUT TODAY 
ARE NOW PLASTIC , BUT THE 


JALL CARS ARE QUILT WITHOUT CHASSIS. |} 
STRUCTURAL PARTS ARE ACL ed) 
STILL STEEL, BECAUSE THE 
ESSENTIAL COMBINATION OF 
STRENGTH & RIGIDITY WOULD 
NEED VERY EXPENSIVE PLASTI 


WERE MUCH STRONGER THAN THE 
| EARLY WOODEN ONES ME ROLLED 
CARS DOUN HILLE & STOOD 


BEING PRODUCED IW EUROPE, | 
2G HOURS A DAY.RNEARLY Four} 
TIMES MORE CARS ARE REING MADE 
|THAN BABIES ARE BEING BORN, | 


STATISTICS OF INSURIESIN DIFFERENT 
TYPES OF CAR SHOW THAT THE 
DETAILED DESIGN 15 MUCH LESS 
IMPORTANT THAW THE ovERALL 
VEIGHT. TIE HEAVIER THE CAR, THE 


SAFER You ARE. BECAUSE THE STEEL Is SO THIN, IT 


(IS OFTEN CUT UP BY SPLITTING IT ff 
WITH A HAMMER & BOLSTER. DT CAN | 


DAMAGE ep 
MODERN BODYSHELLS CRUMPLE . ~ 
VERY EASILY. MANUFACTURERS _ 
ARGUE THAT THIS ABSORBS 
EWERGY B REDUCES DECELERATION 
IN ANY CRASH , MAKING CARS 
SAFER, CRITICS ARGUE THAT 
THIS 1S AN EXCUSE, BECAUSE 
DRIVERS OF RACING CARS, WHICH 
HAVE RIGID STEEL FRAMES SUFFER 
HIGH DECELERATION WITHOUT INTURY. 


REDUCE CORROSION, 
BUT NONE GALVANISE 
THE WHOLE SHELL, &£ 
S07 OF ALL CARS ARE 
STILL SCRAPPED BY 
THE TINE THEY'RE 
IOYEARS OLhH. 


NTER 


UNWANTED OIL 


CRUDE Ol WATURAL, 72 


(00 NS 


SEERS OUT OF THE GROUND 
IN PLACES & HAD REEN 
USED MEDICINALLY SINCE} | 
ANCIENT TIMES. IT WAS ‘ 
FIRST ENCOUNTERED 
UNDEREROUND IN THE 
18405 IN AMERICA 

DURING ATTEMPTS TO 

FIND SALT DEPOSITS.AT | 
FIRST NO ATTEMPT WAS 
MADE To COLLECT THE 1 fi 
OIL, WHICH UAS REGARDED | 

AS A MENACE, SOAKING 


Bs 


UNWANTED PETROL 
AMERICANS STARTED To use 
CRUDE OIL IN THE 1860s WHEN 
THEY FOUND IT WAS AN IDEAL 
FUEL FOR OIL LAMPS, witTH A QIT 
OF DISTILLATION, A BY-FRODUCT 
| OF THIS DISTILLATION WAS A 
VOLATILE GAS OIL OR PETROL. 
ET WAS REGARDED AS DANGEROUS 
B USELESS UNTIL THE FIRST 
CARS APPEARED 30 YERRS 


Y 


TODAY, ALMOST EVERYTHING A REFINERY CREATES 
FROM CRUDE OIL CAN REUSED BY CARS, BESIDES 
PETROL, IT PROVIDES LUBRICATING OILS, THE 
CHEMICALS THAT ARE THE BASIS OF PLASTICS, 
PAINTS & SYNTHETIC RUBBERS, & EVEN THE 
BITUMEN THE ROADS ARE MADE OF, 


THE MEN & THEIR TOOLS 


INTERNAL COMBUSTION 


JINTERNAL COMBUSTION 


A THE FIRST WORKING INTERNAL CY Gro 


on J Lenoir 
‘ = 


“ COMBUSTION ENGINE WAS MADE BY A 

; FRENCHMAN CALLED ETIENNE LENOIR IN 
1959, We SIMPLY MODIFIED A STEAM ENGINE 

© SUCK IN & IGNITE THE INFLRMMASGLE GAS FROM 
HIS GAS LIGHTS. UNFORTUNATELY THE EXPLOSIONS 
WERE VERY VIOLENT & THE ENGINE WAS VERY INEFFICIENT® 


HENGINES BASICALLY WORK | 


}BY HARNESSING THE 
VIOLENT ENERGY OF 


JVITH THE MECHANICAL 
| crResses, HEAT AND 


RESIDUES LEFT BY THE 


FEAST, WHICH 15 WHY 
ITHIS SORT OF ENGINE 
JONLY BECAME 


| PRACTICAL JUST OVER] 


1190 YEARS AGO,LONG! 


AFTER THE STEAM ENGINE. 


IGNITION IN A PETROL 
ENGINE SHOULD BE 
STARTED BY THE 
ISPARK, PETROL ISA 
1 COMPLICATED MiIxTURE! 
OP CHEMICALS, SOME]}} 
FSFE WHICH ARE 
}QUITE UNSTABLE. 
IFRESE CAN IGNITE 
SPONTANEOUSLY 
UNDER PRESSURE, 
CAUSING A SORT OF 
EXPLOSION CALLED 
DETONATION OR 


e 9S ee oe 2 eee 
A SUPERTANICER. FULL OF CRUDE O1 
THERMAL ENERGY AS A POLARIS NUCLEAR WARHEAD. 


ATALYTIC 
ANY PARTLY gurnt CONVERTERS IN AMERICA FOUND 


THE PLATINUM 
CATALYST ENCOURAGES 


GASES TO COMPLETE 
THEIR, COMBUSTION. 
THIS HAS THE 
EFFECT OF CONVERTING 
THE POISQNOUS ° 
NITROGEN OXIDES 

& CARSON MONOXIDE 
TO NITROGEN AND 
CARBON DIOXIDE — 
THE GREENHOUSE 
GAS. 


ISNOCR CAN BE STOPRED 
EITHER BY ‘DANPING’ 
THE UNSTABLE 
COMPOUNDS WITH LEAD 
ADDITIVES, OR, IN LEAD 
FREE PETROL, 8Y 
REFINING THE UNSTABLE 
COMPOUNDS GUT. THE 
OTHER OPTION USED J 
ON DIESEL ENGINES, |= 
1$ TO COMPRESS A LESS 


EXPLODE WiTHouT A 


FUEL MORE THAN 
SPARK, AND MAKE 


PETROL ENGINES. 


=asassass] ALSO MAKES THEM 
| } MORE EFFICIENT, 
1 DOING MORE MILES 
: ia 
L CONTAINS AS NUCH TON THEd GACEONs 


~ ARECENT SURVEY 


THAT, IN PRACTICE, 
77>, CATALYTIC CONVERTERS 
WERE ONLY ABOUT 
307. EFFICIENT AS 
er HE AIR TO FUEL 
1 \ “RATIO HAS TO BE 
AO) EXACTLY RIGHT FORTS 
~.5>\ THEM TO WORK,s | 
O) THE CATALYST 
ITSELF CAW EASILY 
GET POISONED & 
STOP VIORKING, 


& 


ARLY PROBLEM S$ 


PETROL V | 
ELECTRIC 


THE GREAT ATTRACTION Ff 
OF OILASA FUELIS” | 
THAT 17% SO COMPACT, 
COMPARED TO THE 
BATTERIES I AN | 
ELECTRIC CAR, PETROL 
PROVIDES OVER TEN 
TIMES MORE ENERGY ff 
For THE SAME WEIGHT I 


i— SECONDS, COMPARED 


THE FIRST CAR ENGINES 

HAD Con SIDER ASLE 
DISADVANTAGES. THEY VERE ff 
DIFFICULT TO START, USED | 
LOTS OF FUEL, STALLED EASILY, 
CONTINUALLY LEAKED OL & ff 
HAD TO RE TAKEN TO BITS & 

CLEANED OUT (DECOKED) EVERY} 


FEV THOUSAND MILES. 


HOW TO SEE THE VOLUME OF YOUR EXHAUST 


WITH THE ENGINE | 
SVITCHED OFF Ano} 
COLD, FIX ADUSTBIN | 
BAG OVER THE 
EXHAUST PIPE WITH 
SELLOTAPE.Now 
SWITCH ON ENGINE 
&Z. SEE HOW FASTBAG 
FILLS. AN AVERAGE 
CAR RELEASES FouR 
TIMES IS WEIGHT 

IN EXHAUST GASES 
DURING ITS LIFE. 


COUNTING CLOCK 


ALL CLOCKS & WATCHES VORK 
BY ‘COUNTING’ SOME EVENT 
WHICA TAKES A FIXED PERIOD 
OF TIME ,LIKE THE SWINGS OF A 
PENDULUM, THE HIGHER IT GOES 
THE STRONGER THE PULL OF 
GRAVITY & THE FASTER iT COMES 


THE EARLIEST 


PORTABLE CLOCKS | 
(cISSO) ARE KNOWN] 


As NUREMBERG 


ECGS. THEY WERE | 


DESIGNED To BE 


THE HAIRSPRING OF | 
A WATCH HAS THE SAME 
FUNCTION AS GRAVITY 
ON A PENDULUM,, 
PULLING: THE BALANGE 
1) WREEL BACK TO THE 
MIDDLE ANTROQOUCED 


RACK -$0 THE SWINGS ALWAYS TAICE 
A FIXED TIME. THE QUARTZ 
CRYSTAL IN A WATCH VIBRATES 
AT A FIXED SPEED IN A SIMILAR 
WAT. 


BY THE DuTcA 
SOENTIST HUYGENS 
IN 1675 1T MADE 
WATCHES ACCURATE 
ENOUGH TO HAVE A 
MINUTE HAND. 


JEWELS 

FEWELS VERE FIRST USED IN 
MVIG71 TO REDUCE FRICTION IN 
-|BEARINGS.FHE METHOD oF 

HRILLING HOLES THEOUGH 7. 

THE SEWELS (DRILL BITS 

COATED IN DIAMOND) REMAINED 

THE SECRET OF A FEW ENGLISH 

WATCHMAKERS FOR 100 YEARS, 


GAS LIGHTERS HANDS UJ 


FOUND VERY CONFUSING SO 
THE MINUTES VERE PUT ON 
A SEPARATE DIAL. 
CAL. TIME 
=| | 


O 
4 =— 


VIBRATING QUARTZ 
ELECTRICITY CAN DISTORT VARIOUS CRYSTALS, | 
INCLUDING QUARTZ, THIS 15 CALLED THE 
PIEZO ELECTRIC EFFECT bh IN THE VATCH 
IT’ USED To VIBRATE A TINY Q)T OF QUARTZ | 
UKE A TUNING FORK. FHE PIEZOELECTRIC 
EFFECT WORICS IN REVERSE SO THE 
VIBRATION OF THE CRYSTAL ACTUALLY 
PRODUCES A TINY ECECTRICAL SIGNAL 
WHICH IS FED BACK To THE Silicon 


OIL I$ THE BANE — 

H OF ALL MECHANICAL 

WATCHES. AFTER A 

| TIME IT FoRMS A 

HARD COATING LIKE 

i VARNISH OR A 

| GRINDIN @ PASTE 

| WITH THE DUST 
FROM THE AIR. 
PLASTIC GEARS 
NEED NO LUBRIC- 
ATION & ARE wow 
BECOMING VERY 

' COMMON. 


IGITAL QUARTZ WATCH 


SILICON CHIP 


GAS LIGHTERS ALSD 
WWORK RY PIE ZO- 
JELECTRICITY «THE 
| MECHANISM 

DISTORTS A CRYSTALT 

BY SQUASHING IT & 

H THIS CREATES 
} ENOUGH ELECTRICITY 
TOMAKE A SPARK, |i 


INSIDE A 


if 
vt 


ees | 
FA 


loam 
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as 
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MEAN TIME WAS INTRODUCED 
ACROSS THE CounTey, cach TOWN | 
GET ITS CLOCKS FROM SUNDIALS 
& KEPT SLIGHTLY DIFFERENT 
TIME (PLYMOUTH WAS Agour 
IS MINUTES BEHIND LONDOW), | 
STATIONS OFTEN HAD THO CLOCKS, 
ONE FOR LOCAL TIME & ONE FOR 
RAILWAY TIME. 


WATCH BATTERIES 


) a) 


Y 
a 


TEMPERATURE 


ALTHOUGH QUARTZ VIBRATES ATA 
VERY ACCURATE FIXED SPEED, IT 15 
SUGHTLY AFFECTED BY TEMPERATURE 
CRANGES PRECISION QUARTZ CLOCKS ! 
HAVE THEIR CRYSTALS ENCLOSED IN 
A CONSTANT TEMPERATURE OVEN 
WHICKR INCREASES THEIR ATURACY 
To ABouT A SECOND AYEAR. 


3! 
Sei 


ARE RCCURATE TO R8OUT A SECOND | DIALS ARE NOW 

A DAY. THE CHEAPEST QUARTZ | QUARTZ CONTROLLED, 

WATCHES ARE Just AS THEY HAVE A TINY 

ACCURATE ,—& GOOD ONES ARE ELECTRIC MOTOR | 
DRIVING THE HANDS, | 


MERCURY 
BATTERY 


QUARTZ SNe | 

CRYSTAL = watcH BATTERIES VERE FIRST 
DEVELOPED DURING THE SECOND 
WORLD WAR FOR LIGHT UECIGHT| 
RADIOS 4 PERFECTED IN JHE 

bie FIFTIES FOR SPIES’ RADIOS. 


QUARTZ | LIQUID CRYSTAL DISPLAYS |HOW 10 MAKE A 
SDR i eatses Apeer ON ine cnc eon | SECRET WATCH. | 

MOTORS JAS ROTATING ONE LEN OF aceS soe 

\ POLAROID SUNGLASSES IN FRONT OF THE 


OTHER, A SMALL ELECTRIC CHARGE 
ACROSS THE TWO BITS OF GLASS CHANGES 


———— 
LIQUID CRYSTAL DISPLAY 


CAREFULLY TAKE A CHERP 
DIGITAL WATCH TO BITS. 
PRIZE POLAROID PLASTIC 
OFF TOF OF LiQuin CRYSTALS 
DISPLAY & REASSEMBALE 
WATCH THE DISPLAY WILL 
NOW BE INVISIBLE UNTIL] 
LOSKED AT THROUGH 
tam POLAROID SUNGLASSES, | 


|] REFUSED TO SPEAK T0 


THE FORERUNNER OF THE 
TELEPHONE YAS THE TELEGRAPH, 
BY 1970 ALL MAYOR TOUNS IN 
EUROPE & AMERICA HAD TELE- 
&RAPHS, SENDING MESSAGES 
IN ON KOFF PULSES (eg MORSE 


PATENT BuT THEN 
IWTEREST IN IT, Me 


& EXPERIMENTED W 


i ! 
BATTERY | 


THE FIRST PHONES 


THE HOLMES BUR 


CODE) UT WAS WHILE TRYING 
To IMPROVE THE TELEGRAPH 
AT BELL DISCOVERED THE Viz | 
TELEPHONE. nS SSE SS 
aoe! RELL'S TELEPHONE 
F DOK BELUS TELEPHONE VAS ELEGANTLY 
\ SINPLE. ME FITTED A DIAPHRAGM 
G OVER AN ELECTROMAGNET & MADE 
wa IT WORE BOTH AS A MICROPHONE 
q G more tL EARPIECE DOT WASN'T REALLY 
xT) (I Loud EWoUGHI TO BE PRACTICAL AT 
: ) THE TIME, BUT WITH MODERN 
FHE SOUND VIBRATES THE Q TRANSISTOR AMPLIFIERS, IT I$ NOW Gal 
UIDELY USED (SEE BELOW: HON TO 
DIAPHRAGM , MOVIN(, THE = () 
IRON & CHANGING THE RQ MAKE A MINIATURE INTERCOM), CELECROMAGNED 
MAGNETIC' FIELD ROUND THE 
ELECTROMAGNET. THIS CREATES SN WS NSO SOON SOOO eS 
TINY ELECTRIC CURRENTS INTHE WIRE, 
THE PRACTICAL TELEPHONE 
JHE VOLUME OF THE TELEPHONE WAS 
INCREASED BY A DIFFERENT SORT OF 
MICROPHONE, INVENTED BY THOMAS 
EDISON & A REVEREND HUNNINGS. THIS 
WAS SIMPLY A DIAPHRAGM & A PILE OF 
CARBON GRANULES SPEECH VARIED THE 
PRESSURE ON THE CARBON GRANULES & 
ALTERED THEIR ELECTRICAL RESISTANCE, 
HCRACKLIN( 
FRE DISAHVAN TAGE 
OF CARBON MICROPHONES 
16 THAY THE GRAWULES 
TEND To CRACKLE WHEN 
MOVED. THE EARLY 
TELEPHONE MICROPHONES 
WERE FIRMLY FIXED 
To THE VALL TO 
PREVENT THIS. MODIFIED 
DESIENLS CARRIED ON BEING 
MADE UNTIL THE 19705 & 
MANY ARE STILL IN USE, 
FH CRACKLING AUAY, be 
1 THE BELL LABORATOR 
JAS THE. TELEPHONE SYSTEM GREW, THE ELL 
COMPANY ESTABLISHED A LABORATORY IN 
11992, OT WAS WHILE SEARCHING FORA 
Igovin STATE SWITCH TO REPLACE THE 
}STROWGER EXCHANGES THAT THE 
I TRANSISTOR WAS INVENTED IN 1947. 


JWAEN THE TELEPHONE 
J FIRST APPEARED IN i 
JENGLAND SOME PEDPLE | 


KNOW, INSISTING THAT | 
THEY FIRST CALLED & LEFTH 
THEIR VISITING CARD 
INR PROPER MANNER, 


teas 


IEXCHANGES CONVERT 


SX - 


re © 9 ITELEPHONE CONVERSATIONS) 
To ADIGITAL CODE, BIZE |} (7 
\ “ES THE DIGITAL SOUND ON $Y) 
RHO. )y) COMORCT DISKS, THISGIVESH & 
Se JI TIPROS DP =, oe eae ( 
: NABLES 11 TO 
SHAPES 1} 


WITH ELECTRONICS THERE 
I$ NO NEED FoR THE BULKY 
DIAL & BELL MECHANISM ,& 
TELEPHONES HAVE LOST 
THEIR, DISTINCTIVE, RORUST 
APPEARANCE, TODAY THEY 
CAN BE ALMOST ANY SIZE 
OR SHAKE. 


BECAUSE THE TELEPHONE 
Say SYSTEMS IN DIFFERENT COUNTRIES 
Bs YUJare Now ALL INTERCONNECTED, 
— ROPAITHE GLOBAL TELEPHONE s¥sTEM 
QOSESS Sis TODAY THE BIGGEST MACHING 
© ("FoF AWY SORT In THE YORLD. 


A MANSION IN NOWA SCOTIA 
HYDROFOILS, 2 NANY OTHER THINGS. 


THE FIRST 
EXCHANGE 


ee 


RK 
oval Lahr A 


THE FIRST TELEPHONE 
EXCHANGE NAS OPENED BY 


ALARM COMPANY, BOSTON 
US. THEY ALREADY HAD 
LINES TO THER CLIENTS 
CONNECTING THE ALARMS. 
SO THEY SIMPLY USED THE 
LINES FOR TELEPHONES 
DURING THE DAY, WITH 
AN OPWZATOR To PUT 

|} PEOPLE THROUGH, 


ALEXANDER GRAHAM BELL | 


Belc’s FATHER VAS AN 


ERBULLIENT TEACHER OF SPECCH | 


& ELOCUTION VUHO LIVED IN 
EDINBURGH. HE MOVED TO 


AMERICA AFTER ALEXANDER'S 


TWO BROTHERS DIED OF 
THE GRAHAM TO AIS NAME 
AMIMSELE, AGED ELEVEN” 


CK fs 


(J THE TINY ELECTRIC 
CURRENTS FROM THE 
p MICROPHONE ENERGISE 


THE ELECTROMAG NET, ATTRACT) 


THE IRON & VIBRATE THE 


DIAPHRAGM, RECREATING THE SOUND, ff 


ELLS FORTUNE 
(ELL MADE HIS FoRTUNE 
FROM HIS TELEPHONE 


LOST 
BUILT 


ITH KITES, 


HTHE FIRST AUTOMATIC 


JAN EXASPERATED KANSAS 


UNDERTAKER’S Wire WAS A 
To PUT PEOPLE THROUGH TO 
STROWGER. 


tv 
| 


STROWGER’S LONGEVITY 


STROWRER EXCHANGES VERE BUILT 
BP UNTIL THE 1970s & MANY ARE 


&LAR 


STILL IN USE, THEY ARE RESPONSIBLE fi 
FOR MOST ‘CROSSED LINES) THEY NEED | 
FREQUENT ADJUSTMENT, & THEY 


GRADUALLY WEAR DOWN DROPPING 


" SMALL PILES OF METAL FILINGS. 


[HOW TO MAKE A MINIATURE INTERCOM 


ON 


Dh 

THE MICROPHONE & 
EARPIECE OF MOST 
MODERN PHONES ARE 
IDENTICAL, FUST LIKE 
BELUS. You CAN 
CONNECT THEM 
DIRECTLY TORETHER, 
WITHOUT ANN BATTERY, 


TYBERCULOSIS. ALEXANDER ADDED |) 


THE AUTOMATIC | 
~ -EXCHANGE 
HEXCHANGE WAS INVENTED BY] 


CITY UNDERTAKER ,ALMON. BJ) 
STROWGER, IN 1939 THE RIVAL 


TELEPHONE OPERATOR & USED 
HER HUSBAND INSTEAD OF | 


SET 


EVGLIELMO MARCOM),STILL | 
IN HIS EARLY 205, WAS 
THE FIRST PERSON TO | 

USE RADIO VAVES FOR | 

SIGNALLING. HE 
INCREASED THE 
RANGE OF HERTZ S$} 

APPARATUS BY | 
ADDING LONG 


ANY ELECTRICAL SPARK CREATES 
RADIO WAVES & ACTS AS A TRANS- 
MITTER, YOU HEAR SPARKS ON A 
RADIO AS INTERFERENCE. THATS 
UHY LIGHTNING MAKES RADIOS 
CRACKLE , & EVEN THE TIN SPARK 
IN A SUITCH I¢ ENOUGH To MAKE 
AR NOISE ON THE RADIO WHEN 
TURNING ON A LIGHT. 


eS 
ES 


SCIENTISTS FIRST ACKNOQULEDGED THE EXISTENCE OF RADIO RERIALS (WIRES 
rx WAVES IN 1337 WHEN HEINRICH HERTZ FOUND THAT A HELQ Ur BY 
i, BIG SPARK. COULD MAKE A TINY SPARK SUMP ACROSS THE KITES)K MORE 

GAP OF A COPPER RIN& SEVERAL METRES AWAY. Ea Wes 

7 Iv 


CALLED 


Y)) SPARKS AT SCA 
COHERERS, 


MARCONIS RADIO WAS FIRST 
USED FOR COMMUNICATION AT 
SEA. SHIPS RADIO 
OPERATORS ARE STILL 
CALLED SPRREKS AFTER THE 
EARLY TRANSNITTERS, 


iH 


Ey, 
SS 
EES 


\ 
CHAOTIC SPARKS 


ALTHOUGH SPARKS MAKE VERY 
EFFECTIVE TRANSMITTERS, THE 
RADIO WAVES THEY CREATE. 
ARE VERY CHAOTIC AND 
TRANSMIT OVER THE 
ENTIRE LONG & MEDIUM 
WAVEBAND, THIS MEANT 
THAT ONLY OWE SPARK ——-~ 
TRANSMITTER COULD BE 
USED IN ANY AREA. 


aS) 
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THE COHERER_ 
THE CONERERIS SIMPLY A TUBE 
OF SILVER OR NICKEL FILINGS, 
WHICH DETECT RADIO WAVES BY 
‘COHERING’, DROPPING THUR 
ELECTRICAL RESISTANCE & 
SUITCHING ON A CIRCKIT. 


[RADIO WAVES CAN M. RADI 
[TRANSMIT SOUND WAVES AM. RADIO _ 
H BY COMBINING THEM IN 


SS; 
wD 
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TUNED CIRCUITS 
SPARK TRANSMITTERS WERE REPLACED 
WITH TUNED CIRCUITS THAT TRANSMIT 
AT ONE WAVELENGTH ONLY, TUNED 
CIRCUITS HAVE AN INDUCTOR(A COIL 
oF WIRE) AND A CAPACITOR (VER~ 
LAPPING METAL PLATES). THE 
ELECTRICITY WHIZZES BACK & FORTH § 
RETWEEN THE TWO, OSCILLATING = 
THOUSANDS OF TIMES A SECOND PHEY 
ARE USED WITH TRANSISTORS OR SHIS MAKES IT LESS 


CAPACITOR VALVES WHICH AcT UKE PUMPS, | SUSCEPTIBLE TO 


KEEPING THE OSCILLATION GOING. INTERFERENCE » 
BROADCAST HOW TO MAKE A RADIO WITHOUT BATTERIES 
RADIO ; WRAP D LENGTHS OF WIRE ROUND)! WHISKER 
THE FIRST ENTERTAINMENT A LAVATORY ROLL [SEE LEFT) 
BROADCAST YAS A RECITAL & FIX VITA SELLOTAPE.CoMmrPLe TE 
BY DAME NELLIE MELBA IN ClRCUIT LITR GERMANIUM 


VARIES THE STREWETH 
HOF THE RADIO VIAVES, 


SOUND VARIES 


LANTERFERED WITH 
LEGITIMATE TRANSMISSIONS. 
THEY EASED THE BAN Fy 
YEAR LATER, ALLOTTIN G 
15 MINUTES ENTERTAINMENT 
PER WEEK, 


THE GERMANIUM DIQDE 1S 


We 0 


ELECTRICITY WILL FLOW IN 
ONLY ONE DIRECTION, THIS 
CUTS OUT HALF OF ANY RADIO 
WAVE, LEAVING IT IN A FORM 
THAT CAN GE PICKED UP RY 


PEOPLE OCCAS ‘DIG | 
HEAR THE RADIO 
INSIDE THEIR HEADS, 
EARBORUNDUM FROM 
DENTISTS DRILLS CAN) 
ACT AS A CATS WHISKER. 
& PICK UP PowERFUL 
RADIO SIGNALS, 


SOLD IN SEPARATE PARTS, 4.44 
You Joiwen THEM To 
FORM A‘SET’ LIKE A 
MODERN HI-Fl STACK, 


TRANSISTORS 
RAMOS WERE BULKY 
OBJECTS CONSUMING 
LOTS OF POLJER 
HEATING THE VALVES 
UNTIL THE iwrropucr = 
WON OF THE FIRST 
TRANSISTOR RADIOS 
‘In 1955S. 


\ 


Alin PROCESS CALLED it aah ant nnd 


| MODUL ATION. 109 AMPLITUDE TU 
J MODULATION THE SOUND VU V\ \ \| V \ | | \] UY 


EM.RADIO IN FREQUENCY | 
Tea eee MOOULATION, THE | 


THE. WAVELENGTH | 
OF THE RADIO WAVES) 


CATS’ WHISKERS | 


1920, TRANSMITTED RY THE | Cee Sean DIODE & CRYSTAL EARPIECE he case 
MARCONI COMPANY. THE S60 TURNS (FROM AN ELECTRONICS SHOP), || FR eno? | 

POST OFFICE THEN BANNED! WO ————y CONNECT To AN EARTH (A HATER || [CRYSTAL | 
FURTHER ENTERTAINMENT, | QF PIPE) & TO AN AERIAL (A LONG \Y GERMANIUM 
SAYING IT UAS TRIVIAL | @—— WIRE INTHE GARDEN 0R THE TV. DIODE —| 


AWN ENCLOSED VERSION OF THE} 
OLD CRYSTAL & CAT'S WHISKER 
WHEN A WIRE TOUCHES CERTAIN] 
CRYSTALS (SEMICONDUCTORS), 


A SENSITIVE EARPIECE. 


M TIC RECORDING SOUND V_ PICTURES 
THE PRINCIPLE OF MAGNETIC RECORDING 


THE FIRST PRACTICAL AUDIO TAPE RECORDER 
WAS INVENTED @Y A DAMSH TELEPHONE APPEARED IN THE EARLY 30s 8US THE pee 
ENGINEER CALLED VALDEMAR POULSEN IN RECORDER DIDNT APPEAR FOR ANOTHER 25 YERES, 
1899,HE USED AN ELECTROMAGNET To it ees THE PROBLEM Is THAT IN ASECOND AN AUDIO 
RECORD THE TINY ELECTRIC CURRENTS j RECORDER ONLY HAS To RECORD ASoUT 3 WORDS, 
FRom A TELEPHONE TO MAGNETISE f° gy, UHERERS A VIDEO RECORDER HAS TO RECORD 25 
A STEEL WIRE. THIS RECREATED f GZ /™ COMPLETE FICTURES so THE TAPE HAS TOMOVE 
Tiny CURRENTS IN THE ELECTROMAGNET] // , HUNDREDS OF TIMES FASTER OVER THE HEADS 
WHEN IT WAS REPLAVED, ALL TARE & fart j 
VIDEO RECORDERS STILL WORK IN THIS UAY ‘ 


i has 
POULSEN WAS TRYING TO 
RECORD BUSINESS TRANSACTIONS 
CONDUCTED BY TELEPHONE TO 
MAKE THEM LEGALLY RINDING, 
UNFORTUNATELY, WITHOUT 
ELECTRONIC AMPLIFICATION, 
HIS MACHINE, CALLED THE 
TELEGRAPHONE NEVER HAD 
ENOUKH VOLUME TO BE USABLE. 


Oo FHE FIRST PRACTICAL VIDEORECORDES 

: © |} { USED A SPINNING TAPE HEAD WHICH 

Bina Hie Ss } O65 A)38\0~¢ \ RECORDED IN DIAGONAL STRIPES 
TAPE HEADS ARE ELECTRO-~ a) sites: ACROSS THE SOW. VIDE TAPE WHICH 
MAGNETS- COILS OF WIRE { é ij MOVED AT ONLY 2-5 neH.IT UAS 
WRAPPED ROUND TINY RINGS, | a 5 Ue eee pet Be | | TINTRODUCED In 1986 BY THE US 
THE GAP IN EACH HEAD OF A 4 bs | Sate Maer ps COMPANT AMP 
VHS RECORDER 15 EXACTLY Bix a 
i | PTHE BBC; FIRST VIDEQKECORDER, 

METRE, THEY ARE THE MOST | CALLED VERA, WAS LIKE A HUGE 
ACCURATELY ENGINEERED | AUDIO RECORDER, BYT MOVED THE 
PART OF ANY DOMESTIC MACHINE. ——TeitimeTRES—> TAPE AT VERY HIGH SPEED (20 men) 


VHS VIDEORECORDER MECHANISM aun 
/BRUMY /¥il TARE HEADS CONTROL TRACK, \TRAC 


\ SPINS | i mounTED on oPposire) ( Fen REA 
AST/ \SIDES OF SPINNING / \ pb avence SPEED) 
- Gee 95 3 a area & 


SCONTROD 


MOVES \ \ Aro 


\ 


~ 


\ERASE'} { SoG E H : AMLPONTIATOFF ANDO NAMED 
HEAD D rn |i } 


AFTER HIS INITIALS , PLUS 
EX FOR EXCELLENCE, HE 
De : MADE CURLING TONGS AND 
[| : OPENED A HAIRDRESSERS SHOP 
VERY FRAGILE, £ CANCASILY ete We Nf Bi es — ; 3 7 
BE DAMAGED BY CLUMSY F.-Y  FS : cer 
THREADING, DOMESTIC fF --- - - 3 eS | Seis. ae Z AUDIO TAPE RECORDERS 
MACHINES HAVE ALWAYS |’ : i! AFTER WORLD WAR THQ 
USED CASSETTES. Piast To AFTER ACQUIRING A 
APPEAR UAS THE PHILLIES | CAPTURED GERMAN 
NISOO, INTRODUCED IN 1973, | MILITARY RECOADER. 


PTIMERS 
LARCE SCALE INTE” f= : ) PARECENT suRVeT 
“RATED ClRCuITS 4) lor vinEo 
HAVE, !IN TEE LAST JOUNERS FOAND 
110 YEARS, HALVED | THAT GVER 707. 
THE VIDECRECORDERS COULD NOT SET 
if WEGHT, PRICE = = ) A THOIR TIMERS, 

| (ADJUSTED FOR f abs 


INFLATION) AND | HOW 76 MAKE MAGNETIC TAPE 
NUMBER OF FARTS. Most RECORDING TAPE 
= —- : 1§ BASICALLY A CLEAR 
FAULTS FLASTIC BACKING WITH 
QONEGE THE MOST A COATING OF ASUGHTLY 
CorouR is RECORDED Ff ———  canmeni CAUSES MAGNETIC FORM OF 
SEPARATELY FROM ; . ———— AS Smuts it Rust (MADE BY 
THE BLACK & WHITE | | ppncen ROMEsTIC. HEATING BLACK 
SI@NAL ON ALL i | yIneDREcteDERs MAGNETIC OXIDE, 
DOMESTIC VIDEO- sf . : 16 OBSECTS Fe,0,).A PRIMITIVE 
RECORDERS. THIE Yet) >). PUSHED INTO THE : TAPE CAN 8& MADE BY 
SHOUS UP LIREN \ [WA CASSETTE StoT . eS RUBBING THE Rust 
You RECORD FROM fF A RS ( (4 BY CHILDREN, A Wes, S56. FR. POWDER ON To A LENGTH 
ONE TAPE To RroTHeRE apc ie tee, vi THESE INCLUDE |) 2 . }OF SELLOTAPE & RUNNING 
1& THE COLOUR STOFS | i SOSH Toy CARS SRUSAGE ; a if THROUGH AN OLD 
FitTiwG THE PICTURE his \ | ROLLS sANDINCHESE SY AUDIQ RECORDER. THE 
EXACTLY. : “I+ £ ORANGE Juice. . Nes QUALITY IS AMAZINGLY 


d 
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FURTHER READING 


A TECHNICAL HISTORY OF THE MOTOR CAR © PORTRAITS IN SILICON 


NEWconege & SPURR 
ADAM HILGER, 349 


A HISTORY OF TECHNOLOGY, VOLS 4-6 


SLATER 
MIT, PRESS , 37 


SINGER, HOLMYARD, WALL & VILLIAMS BRYANT 


OXFORD UNIVERSITY PRESS, 78 


IDEAS THAT Move AMERICA EARLY RADIO WAVE DETECTORS 


THE BUDD COMPANY 
PHILADELPHIA ,4USA 


PHILLIPS 
PETER PEREGRINUS, 80 


DIESEL, THE MAN & THE ENGINE SYNTONY & SPAR 


MORTON GROSSER 
DAVID & CHARLES, 30 


AITKEN 
PRINCETOUN UNIVERSITY PRESS, 85 


NEW INTERNATIONALIST MAGAZINE THE CONTINUOUS WAVE 


MAY 39 


AITICEN 


NEV INTERNATIONALIST PRINCETON UNIVERSITY PRESS , 35 


GUINNESS ROOK OF CAR FACTS & FEATS MAN OF HIGH FIDELITY, HOWARD ARMSTRONG 


HARDING 
GUINNESS “71 


LESSING 
BANTAM , 69 


THE HISTORY OF CLOCKS A WATCHES GUGLIELMO MARCON) 


BRUTOW 
ORAIS 74 


GEDDES 
THE SCIENCE Museum , 74 


INTERPRETING INVENTION, THE CASE OF BELL & EDISON BROADCASTING IN BRITAIYV 


GORMAN k CARLSON 


GEDVES 


SCIENCE, TECHN OLOGY & HUMAN VALUES VOLIS, No2 90 THE SCIENCE MUSEUM ,72 


ATHERTON 
SAN FRANSISCO PRESS 


Bir BY BIT, A HISTORY 
RUGARTEN 


INGLIS 
»8G FOCAL PRESS, 70 


OF THE COMPUTER MAGNETIC TAPE RECORDING 
CAMRASS 


UNWIN PAPERBACKS ,%5 VAN NOSTRAND 8S 


VINTAGE TELEPHONES 
POVEX & EARL 


oF THE VoRLD HisrorRY OF TELEVISION CONFERENCE 
PUBLICATION 27} 


PETER PEREGRINUS 3% INSTITUTE GF ELECTRICAL ENGINEERS 3% 


EniSon, THE MAN WHO MADE THE FUTURE VIDEOCASSETTE RECORDERS 


CLARK 
NACDONALD & JANE’S 


REECHING 
77 HEINEMANN NEWNES, 8% 


REVOLUTION IW MINIATURE ALMOST EVERYTHING THERE IS TO KNOW 


BRAUN B MACDONALD 


HUNKIN 


CAMBRIDGE UNIVERSITY PRESS 32 HAMLUYN , 8% 


MAPLIN’S ELECTRONICS CATALOGUE 
(FOR ELECTRONIC COMPONENTS), 


MAPLIN S, SOUTHENID 


ADVENTURES IN MICROELECTRANICS 
(BEGINNERS ELECTRONICS 417) 
DUNCAN 

MURRAY 


PLACES TO VISIT 


THE SCIENCE MUSEUN, TELECOM SHOUCASE, 
EXHIAITION RD, LONDON SW7 VICTORIA ST, LONDON EC 


071-133 - 3000 


071-24d- 7444 


NATIONAL MOTOR MUSEUM, WEST DULVICH RADIO MUSEUM , 
BEAULIEU, HAMPSHIRE (TELEPHONE FOR APPOINTMENT) 


0590-612345 


THE CLOCIe MusEUn, 
BURY ST EDMUNDS 
0234-757072 


081-670 - 3667 


THE AMFEX MusEUN, 
AMPEX, REDWOOD, CALIFORNIA 
O1IO- LIS - 367- GIS) 


TLERRN MogT AgoUy THE MACHINES BY SIMPLY TAKING THEM To 
BITS WHEN THEY 40 WRONG, A SURPRISING NUMBER oF FAULTS 
ARS: Pee ee eee AN UNTRAINED EYE, & 11S VERY 
OU FIND THEM. EVEN IF You 'y 

STILL LEARN A LOT. pee ten 
PUBLISHED 1991 @¥ CHANNEL & TELEVISION, 60 CHARLOTTE ST, LON 

: ‘ DON WIP , 
FOR FURTHER SOPIES, PLEASE SENDA CHEQUE OR POSTAL ORDER FoR £I-50 (made poo 


TO CHANNEL & TELEVISian) TO: SeeRET UF 
~se a iF 
OR GLASGOW Gi2 a7 0 re Be [=e] Lee ries BOX £4,000, LONDON W3 6X, 


HEINRICH HERTZ, THE BEGINNINGS OF MICROWAVES 


INSTITUTE OF ELECTRICAL & ELECTRONIC ENGINEERS 


